Repeated episodes of diarrhoea were seen in 4 laboratory beagles after experimental renal surgery and feeding a modified diet. Small intestinal bacterial overgrowth (SIBa) was suspected by exclusion of other causes and measurement of plasma folate. SIBa was confirmed by quantitative duodenal bacteriology. Beagles with SIBa can show no clinical signs, experimental stress and dietary change may have been reasons why these 4 beagles exhibited clinical signs with SIBa. Despite normal gut histology an increase in gut permeability was found using sugar absorption tests. This increased permeability had the potential to cause variations in drug absorption during experimental studies.
Proximal small intestinal bacterial overgrowth (SIBa) in dogs can be a cause of chronic intermittent diarrhoea, with or without weight loss (Batt &. Hall 19891 .Studies of SIBa in young German Shepherd dogs show that it can cause mucosal damage, which is reflected in changes in mucosal enzyme activity (Batt &. McLean 1987) .
In the dog, as in man (Banwell et al. 1981) , SIBa may be clinically silent and in many cases no abnormalities of jejunal mucosa are detected by routine histological examination ). Nevertheless, even with no clinical or histological abnormalities SIBa may cause mucosal dysfunction and increased intestinal permeability (Batt &. McLean 1987) . This renders affected dogs more susceptible to clinical disease caused by Correspondence to: Dr T H Morris Accepted 7 October 1993 pathogenic microorganisms (Batt et al. 1991a) .
A further potential complication arises if dogs with clinically silent SIBa are used for experimental studies that involve drug absorption across the small intestine. A recent study of 21 apparently normal laboratory beagles revealed 14 with clinically silent SIBa and increased intestinal permeability (Batt et al. 1992) . SIBa could, therefore, be an undetected cause of variation in some experimental studies.
As part of an investigation into putative anti-hypertensive drugs clinically normal laboratory beagles underwent renal surgery and their diet was changed. After these experimental procedures episodes of mild diarrhoea were seen in all the dogs but experimental studies were performed in the periods when the dogs were clinically normal.
laboratory Animals (1994) 28. 313-319 Repeated routine investigations over approximately one year failed to show any specific cause for this diarrhoea apart from SIBO. A more detailed clinicopathological investigation was therefore performed. Response to antibiotic therapy was assessed and intestinal permeability measured and terminally serum IgA measurement and quantitative gut bacteriology was performed.
Materials and methods

Animals'
Investigations were performed on 4 purpose-bred adult male beagles, 2 (No. (Brooks et al. 1991) , followed 10 weeks later by surgery to wrap one kidney in cellophane to induce chronic mild hypertension [Clapham et al. 1991) and to place a non-occlusive doppler flow probe around the other renal artery to measure renal blood flow (Knight & Vatner 1986) . Eight weeks later minor surgery was performed to remove the fractured subcutaneous wires that connected the flow probes to the skin surface. The 2 The dogs were trained to sit in slings for experimental procedures. These consisted of administration of novel hypertensive drugs, withdrawal of blood via the cephalic vein and collection of urine via temporarily placed urinary catheters. Blood pressure was measured after one hour's acclimatization to slings, using an automated blood pressure monitor with a paediatric cuff (Dinamap 1846 SX, Critikon Inc., Tampa, FL 33630, USA) placed on the base of the tail.
General clinical and pathological procedures
In addition to daily observations by Laboratory Animal Technicians, routine clinical examinations were performed every 3 months, and the dogs were weighed monthly. Any abnormalities were treated, recorded and investigated using standard procedures including: haematology Ired blood cell counts, packed cell volume, haemoglobin concentration, total and differential white blood cell counts and platelet counts), clinical chemistry (total protein, albumin, globulin, sodium, potassium, urea, creatinine, alkaline phosphatase and alanine aminotransferasel, examination of the faeces for endoparasites, and bacteriology for specific pathogens, i.e. Salmonella and Campylobacter species. Euthanasia was performed by intravenous overdose of sodium pentobarbitone.
Specific procedures to investigate diarrhoea
Plasma folate, cobalamin and trypsin-like immunoactivity (TLII were measured (for time of measurement see Table 2a ] by radioassays (Batt et aI. 1991b, Williams &. 315 Batt 1988). Antibiotic administration is a standard treatment for SIBO and the therapeutic response (Batt et ai. 1988 ) to 20 mg/kg oxytetracycline (oxytetracycline tablets, Veterinary Drug Co., York Y01 5RU, UK) by mouth twice a day for 28 days was assessed by recording the incidence of diarrhoea. Gut permeability was assessed by measuring the absorption of several sugars as follows. Food was withdrawn from the dogs overnight and they were restrained in slings. A flexible single lumen urethral catheter was passed into the bladder. Voluntary micturation was not seen whilst the dogs were in the sling, and urine was drained and stored. One hundred ml of an approximately isotonic solution of 1actulose, rhamnose, xylose and 3 methylglucose was given to each dog via a stomach tube. After 4 h in the slings all urine was removed from the bladder. Urine was stored at -20°C in clean bottles containing 1ml of 100% wIv Merthiolate (thimerosal, Sigma, Poole, UKl until assay.
The percentage recovery of these 4 sugars in urine was measured by HPLC. Rhamnose, lactulose, D-xylose and 3-0-methyl-D-glucose in standards, spiked urine and urine recovered after oral administration of sugars to dogs were separated by injection of 25 J.tlaliquots of suitable dilutions of each solution onto a Carbopac PA100 anion exchange column and programmed elution with aqueous NaOH during two isocratic periods separated by a steep gradient. Flow rate was 1ml/min and pump pressure was maintained between 1900 and 2400 psi. Urine samples were routinely diluted 50-250 fold in purified water containing 100mg/l thimerosal before injection onto the column, and the sensitivity of the Dionex pulsed amperometric detector was set at 3K nA. The results were compared with control values obtained from normal dogs of a variety of breeds which were measured by the same method in the same laboratory (Sorensen et aI. 1993) . Grouped samples were compared to controls using a Student's t-test, individual samples were compared to 95% confidence limits.
Serum immunoglobulin A (IgA)was measured from a terminal blood sample by radial immunodiffusion [VET-RIDKit, Bethyl Laboratories, TX 77356 USA). Immediately after euthanasia samples of duodenal juice were aspirated, using a syringe and needle, for quantitative and qualitative anaerobic and aerobic bacterial culture ). The timescale of procedures is described in Table 1 .
Results
General clinical and experimental records are summarized in Table 1 . After surgery a stable moderate hypertension was induced in these dogs. Typical values after recovery from surgery for diastolic blood pressure and heart rate were 133, 132, 110, 144mmHg and 82, 70, 84, 84 beats/min for dogs 1-4 respectively [Campbell C, unpublished observations). This compares with diastolic blood pressures of 100, 102 Morris et al. and 86mmHg and 73, 86 and 51 heart beats/min for 3 normotensive control dogs from the same colony measured in identical circumstances. Diarrhoea in our colony is very uncommon, and the frequency of the recurring episodes after the surgery and dietary change was clearly abnormal. On any particular occasion the diarrhoea resolved when treated conservatively, by withdrawal of food and use of oral isotonic glucose solution [Lectade, SmithKline Beecham Animal Health, Tadworth, Surrey KT20 7NT, UK). No blood or mucus were noted in the faeces during episodes of diarrhoea, and the frequency of defaecation was usually only moderately increased. Three of the 4 dogs maintained normal body weight, whereas the weight of dog No.1 fell from 14.0 kg to 11.8 kg in the 6 months prior to antibiotic treatment.
Examination of faeces did not reveal any significant bacteria and no parasites. After "Value given in chronological order (see Table 1 ). ND=Not Done bSeven male beagle dogs in same facility as dog Nos 1-4 (see Materials and methods) Table 2a . Plasma folate levels were above the well established range (Batt &. Peters 1978) on 8/10 occasions, cobalamin levels were within or above normal ranges, and TLI levels were above threshold values. Serum IgA levels were measured in 3 of the 4 dogs, and were not different when compared with levels found in 7 similar clinically normal male beagles housed in the same facility, whose average level was 2.73g/1 (SEM± 0.58). Aerobic and anaerobic bacterial outgrowth was noted in the duodenal juice of all dogs, except that anaerobic counts were normal in dog No. 1. The bacterial species isolated included all those previously reported [Batt et al. 1992) in sma in beagles (data not shown).
The results of the sugar absorption studies are shown in Table 2b . The lactulose/rhamnose ratio was significantly higher (P>0.012) in the group of 4 diarrhoeic beagles compared with normal dogs of mixed breeds. The xylose/3 methylglucose ratio was significantly lower (below normal range, i.e. > 2 standard deviations from the mean) in dog No.1 compared with normal dogs.
No histological abnormalities were noted during examination of sections of duodenum, jejunum or ileum.
In the 5 months prior to oxytetracycline treatment dogs 1-4 had 3, 3, 6 and 5 episodes of diarrhoea respectively. In the 3 months after antibiotic treatment diarrhoea was not noted.
Discussion
Although each episode of diarrhoea was 317 short the frequency was much greater than normal in these four dogs, and one dog lost weight. There was no evidence that hypertension caused the diarrhoea: diarrhoea is not seen in cats with induced hypertension (unpublished observations), nor is it noted in primary clinical hypertension in dogs (Jukes 1992) or in dogs with hypertension induced by experimental methods (unpublished observations). From the clinical presentation the small intestine appeared to be the source of the diarrhoea but without an obvious cause and so the possibility of malabsorption and/ or maldigestion was investigated by using blood based screens, for trypsin-like immunoreactivity ITLI) (Williams &. Batt 1988) , cobalamin and folate (Fraser 1991) . Folate in particular is a useful screening test for small intestinal bacterial overgrowth (SIBa) and in these four dogs it was raised on 8/10 occasions. However, folate is a less sensitive test than, for example, TLI and we attribute the variation in levels of folate to the type and duration of mucosal pathology, together with the number and species of bacteria. The significance of high cobalamin levels, as seen in some of these dogs is unknown (Williams &. Bruyette 1991) . IgA levels in these 4 dogs were higher than previously reported (Barrera et ai. 1991) , and were higher than German Shepherd dogs with small intestinal disease (Batt et ai. 1991a) .
ather tests for malabsorption include xylose absorption (but in beagles with sma this may be normal- Batt et al. 1992) , mucosal biopsy {but minimal changes may be seen in beagles with SIBa - Batt et ai. 1991a and the response to antibiotic therapy (Frazer 1991) . A definitive diagnosis of SIBa is made from measuring bacterial numbers (Batt et al. 1983 ) and high numbers of duodenal bacteria were found (see Table 2a ). Antibiotics should alleviate the clinical signs of SIBa and whilst there was a decrease in diarrhoea after oxytetracycline therapy the incidence was too low for statistical evaluation. However, as a high fat diet was being fed this decrease in clinical signs may not only be due to a reduction in bacterial numbers, but more specifically in the number of bacteria that break down fat to produce hydroxy fatty acids which can induce gut secretion.
Two factors may have contributed to the development of sma in these dogs. First, the experimental stress as this could affect disease resistance (Breazile 1987) , although apart from the diarrhoea the animal's health and welfare did not appear to be compromised. (Batt et a1. 1992) . These changes can be measured using slCrEDTA (Frazer 1991 , Batt et a1. 1992 but the dogs must be housed for 2,4h in a metabolism cage, radioactive waste must be controlled and there may be some colonic resorption of the marker (Elia et 01. 1987) . Recently, non-digestible sugars have been used to measure absorption [Hall & Batt 19911 . After ingestion of different sized sugars the contrasting effect of any reduced mucosal surface area decreasing the absorption of the smaller molecule rhamnose and any raised mucosal permeability increasing the absorption of the larger molecule lactulose can be assessed. Compared with normal dogs of other breeds all these 4 beagles had significantly raised lactuloselrhamnose excretion ratios, showing increased permeability, (although further use of this test is required to show a direct relationship with bacterial numbers). As rhamnose recovery was not reduced this increased permeability was not associated with a reduction of villous area. A fall in the xylose/3-0-methy1-D-g1ucose ratio (both these sugars are absorbed by carrier mediated transport) was only seen in the only dog (No.1) which lost weight (from 14 to 12 kg) in the 2 months prior to euthanasia and this may indicate reduced enterocyte function (Noone et 01. 19821. Renal dysfunction might have affected the excretion of sugars in these dogs, although serum creatinine levels were normal at all times, and so it would have been interesting to measure gut permeability before and after antibiotic treatment.
These increases in intestinal permeability raise the concern that changes in experimen tal drug absorption could occur. Whilst in this study clinical signs of diarrhoea prompted further investigation, sma in laboratory beagles can be clinically silent (Batt et a1. 1992 ) and so may not be suspected. The pathophysiological explanations for the raised permeability seen in sma include changes in the integrity of intestinal epithelial intracellular tight junctions (Batt et a1. 1992) which could affect drug absorption.
In summary, detailed investigations of these 4 dogs undergoing experimental procedures showed sma was associated with repeated episodes of diarrhoea. The experimental stress and the change in the diet may have been important in the pathogenesis of sma in these dogs. sma was a possible cause of the increased intestinal permeability and could have affected absorption of the drugs under investigation in this animal model.
